Objectives: to explore associations between customary physical activity and three longitudinal outcomes: 12-year all-cause mortality, 12-year disease-specific mortality and 8-year change in general practitioner and personal social service use. Design: longitudinal study. Subjects: 1042 people originally aged 65 and over randomly sampled from general practitioner lists in Nottingham, UK. Methods: Cox regression survival and logistic regression analyses. Main outcome measures: questionnaire-assessed levels of physical activity; 12-year mortality; reported health and personal social service contacts in month prior to interview. Results: on the basis of factor scores derived from the interview questionnaire, activity levels were graded as high, intermediate or low, with respondents grouped accordingly. Relative to the high activity group, 12-year mortality was significantly increased in both the intermediate [adjusted hazard ratio (HR) = 1.53; 95% confidence interval (CD= 1.10-2.14; P< 0.05] and low (HR= 1.75; 95% CI= 1.24-2.48; / 3 <0.005) activity groups for men, and in the low activity group (HR=1.73; 95% CI= 1.28-2.33; P<0.001) for women. Lower levels of activity were also associated with an increased likelihood of using health and personal social services 8 years after the initial interview, and an increased risk among men of having respiratory disease recorded as the primary cause of death. All models were adjusted for age, health and smoking status and weight category as measured at baseline. Conclusions: the results are consistent with the conclusion that, among elderly people, health gain resulting from higher customary physical activity levels can promote a longer and more independent later life.
Introduction
In recent years recall-based questionnaires have increasingly been used to assess physical activity patterns in older people [1] [2] [3] [4] and to explore relationships between habitual activity levels and various health outcomes, including hospital admissions [4] , psychological well-being [3] and all-cause mortality [5] , in later life.
Typically, such assessments do not cover all areas of activity, but rather 'sample' one or more activities considered relevant to health outcomes, a process which reflects at least two implicit assumptions. First, that physical activities so assessed provide a valid index of underlying physical fitness; and, second, that sampled activities (e.g. walking) reliably predict nonsampled activities and can therefore be used to characterise an individual as 'active' or 'inactive' etc. [3, 5] . The first of these assumptions has been discussed in detail by Smith and Morris [6] , who emphasize the need to demonstrate both the validity and reliability of recall-based activity assessments. The second, however, has attracted less comment, and relatively little empirical research. Nevertheless, the generality of this latter assumption is not supported by evidence from the Nottingham Longitudinal Study of Activity and Ageing (NLSAA). NLSAA baseline data clearly indicate that, for both men and women, levels of participation in some activities (e.g. walking) are independent of levels of participation in others (e.g. housework, gardening) [7] . Thus, older people are not 'generally' active or inactive, but appear instead to be selectively active/inactive within certain task-specific domains.
In addition to elucidating the organization of customary physical activity (CPA) in later life, these analyses also provided useful indices of activity levels within each domain. Factor analyses of the NLSAA baseline data extracted first principal components (labelled CPA1), which accounted for 33% of the variance in men and 39% of that in women. For both men and women, factor scores derived from these components showed significant (r>0.4; P< 0.001) cross-sectional correlations with instrumental measurements of handgrip strength and shoulder flexibility [7] , and have since shown significant associations with 10-year survival [8] , with all-cause mortality greatest among the least active.
While showing clear cross-sectional utility and longitudinal validity, the performance of these broadly-based activity scores has not been compared with the more conventionally used single-activity indices of habitual activity. Here, we extend our earlier work and explore associations between CPA and three longitudinal outcomes: 12-year all-cause mortality, 12-year disease-specific mortality and 8-year change in general practitioner and personal social service use. In order to compare the performance of broadly-based and single-activity-based assessments, CPA was estimated in the present analyses by both CPA1 factor scores and levels of total daily walking. exclusive functional categories: outdoor productive activities (e.g. gardening, house and car maintenance), indoor productive activities (e.g. housework, decorating, indoor maintenance), walking (purposeful walking outside the house or garden), shopping (i.e. continuous ambulatory behaviour associated with shopping), leisure activities (e.g. cycling, swimming), strength activities (e.g. climbing high steps, dragging heavy loads) and joint flexibility activities (e.g. reaching for high shelves, bending for low shelves).
Factor analysis (principal components with varimax rotation) of the 1985 activity inventories [7] extracted first principal components loading on outdoor, strength and flexibility activities among men, and shopping, outdoor, indoor, strength and flexibility activities among women. For the purpose of the current analyses, walking and shopping were combined into a single measure of 'total walking'.
Survey assessments were also made of general health (using a 14-item health index), smoking history (ever smoked/never smoked), and recency of contact with general practitioner and social services. Interviews were followed by anthropometric measurements of handgrip strength, half-span measurement and weight.
Statistical analyses

Method
Data were derived from the NLSAA, full details of which are presented elsewhere [9] . Briefly, the NLSAA is an 8-year survey of activity, health and well-being conducted within a representative sample of people originally aged 65 and over. The baseline survey for the NLSAA was conducted between May and September 1985, during which time 1042 people, randomly sampled from general practitioners' lists, were interviewed in their own homes (a response rate of 80%). Subsequent analyses showed that the age, sex and social class structure of this sample closely resembled that for England and Wales as a whole.
Follow-up surveys were conducted at 4-yearly intervals in 1989 and 1993, with re-interview rates of 88% (w = 690) and 78% (n = 4l0) respectively among survivors. Information on mortality within the baseline sample was provided by the National Health Service Central Register. Causes of death were coded using ICD-9 classifications.
Questionnaire assessment
At each survey wave, levels of CPA likely to promote muscle strength, joint flexibility or stamina were assessed using detailed activity inventories administered by trained interviewers. Operational criteria used for the selection of activities are reported elsewhere [9] . All activities were divided into seven mutually
All-cause mortality
In the 12-year period September 1985-31 August 1997, the project received notification of 647 deaths (278 men and 369 women). Relationships between activity and mortality were assessed in separate models using two different indices of CPA. For the CPA 1-based analyses, respondents were divided into three activity groupings according to tertile ranges for the 1985 CPA1 factor scores (high-, intermediate-and low-activity groups). For the daily walking-based analyses, respondents were divided into two groups according to whether, in 1985, they reported <10 or >10 tnin total walking per typical day. For the CPA1 tertiles, data for men and women were analysed separately, and for total walking men and women were analysed together. Mortality was then assessed in Cox regression models with survival (period from baseline assessment to death or censorship in August 1997) as dependent, and activity (high, intermediate, low tertiles or above/below 10 min total walking/day), age (in 1985), health index scores (above/below median score), smoking status (smoker/ non-smoker in 1985) and weight category (underweight/average, overweight/obese) as covariates. A forced entry approach to model selection was used.
Disease-specific mortality
Logistic regression models were used to analyse relationships between activity levels in 1985 and the three most likely disease-specific causes of death recorded on the death certificates: respiratory, cardiovascular and neoplastic diseases. CPA1-and totalwalking-based indices of activity were used, and separate analyses conducted for CPA1 tertiles for men and women, and for total walking, men and women were analysed together. In separate models mortality was considered in relation to respiratory, cardiovascular or neoplastic disease as the primary cause of death versus all other primary causes of death. In all models 1985 values for age (age 65-74, 75 years and above), health index (above/below the median health index score), smoking status (smoker/ non-smoker) and weight (underweight/average, overweight/obese) were entered as covariates. A forced entry approach to model selection was used.
General practitioner and personal social service use
From the baseline sample of 1042 who were interviewed in 1985, 410 (39%) survived and were successfully re-interviewed in 1993. Within this elite group, logistic regression models were used to analyse relationships between activity levels in 1985 and levels of contact with health and personal social services in 1993-The dependent variables for the separate models were contact (yes/no) with (i) a general practitioner, (ii) a district (community) nurse or (iii) a home help in the month prior to interview in 1993. Contacts were then assessed in relation to CPA1 and total walking based indices of activity in separate models for men and women for CPA1 and together for total walking. In all models 1985 values for age (age 65-74, 75 years and above), health index (above/below the median health index score), smoking status (smoker/non-smoker), weight (underweight/average, overweight/obese) and level of service contact (seen that particular service in month prior to baseline interview or not), were entered as covariates. A forced entry approach to model selection was used.
Results
All-cause mortality 1985-97
Using CPA1 tertile ranges, survival was significantly related to activity levels after controlling for age, health status, smoking status and weight category (Table 1) . Relative to the high-activity group, 12-year mortality was significantly increased in both the intermediate [hazard ratio (HR) =1.53; 95% confidence interval (CD = 1.10-2.14; P < 0.05] and low (HR = 1.75; 95% CI = 1.24-2.48; P < 0.005) activity groups for men, and in the low-activity group (HR= 1.73; 95% CI = 1.28-2.33; P < 0.001) for women. Kaplan-Meier survival curves for men and women are shown in Figure 1 . In separate models, survival was also found to be significantly related to the single-activity index of min total walking. Again controlling for age, health status, smoking status and weight category, total walking for <10 min per typical day (n -389) was associated with significantly increased 12-year overall mortality (HR = 1.33; 95% CI = 1.12-1.58; P< 0.05).
Disease-specific mortality 1985-97
Of the 647 people who had died by 31 August 1997, the recorded primary cause of death was cardiovascular disease for 278 (43.0%), respiratory disease for 212 (32.8%), and neoplastic disease for 80 (12.4%). Deaths due to respiratory disease and cardiovascular disease, but not deaths due to neoplasms, were found to be significantly related to CPA1 tertile range activity levels in men (Table 2 ). Relative to the highactivity groups, the low-activity groups had a significantly increased risk of dying from respiratory disease [adjusted odds ratio (OR) = 2.65; 95% CI= 1.23-5.70; f <0.05], but a decreased risk of dying from cardiovascular disease (OR = 0.43; 95% CI = 0.21-0.88; P < 0.05) versus other primary causes for men. However, activity as measured by levels of total walking showed no significant relationship with primary cause of death due to cardiovascular disease, respiratory disease or cancer/neoplasms versus other primary causes.
Service use by survivors (1985-93)
Using CPA1 tertile ranges, 1985 activity levels were significantly related to 1993 service contact levels (Table 3) . For men, and relative to the high-activity group, the low-activity group had a significantly increased risk of having seen the home help (OR = 6.10; 95% CI= 1.06-34.99; P<0.05) in the month prior to interview in 1993-For women, and relative to the high-activity groups, the low-activity groups had a significantly increased risk of having seen the district nurse (OR = 3.43; 95% CI = 1.38-8.52; P<0.01) and the intermediate-activity group had a significantly increased risk of having seen the home help (OR=2.75; 95% CI= 1.27-596; /><0.05) in the month prior to interview in 1993-Activity as measured by levels of total walking showed no significant relationship with 1993 service contact levels.
Discussion
For the purposes of the present study, only those activities which, on theoretical grounds, were likely to contribute to muscle strength, joint flexibility or stamina were assessed and quantified. The resulting activity scores, therefore, reflect differing degrees of physiologically relevant activity.
In combination with earlier reported findings [8] , the present analyses demonstrate a continued trend in differential mortality trajectories among men and women grouped according to self-reported activity levels at baseline, and support research evidence associating more active lifestyles [5] and regular walking [4, 10] with lower mortality in later life. Since the survival models here controlled for both health status and smoking status at the time of the baseline assessment, it is unlikely that the activity gradings used here acted as proxies for physical health. It remains possible, nevertheless, that the health index scores included in the present analyses may have been insensitive to some sub-clinical conditions which, at the point of assessment, may have influenced activity level and ultimately, survival. However, given the presumed physiological relevance of the graded activities, it is also reasonable to conclude that the differential trajectories shown here reflect real longterm differences in activity-related health gain.
While both the CPA1 and total walking measures significantly distinguished between different longevity profiles in this sample, only the CPA1 factor scores showed an association with disease specific mortality, although only in men. When compared with the highactivity' group, men in the 'low-activity' group were 2.7-times more likely to have respiratory disease recorded as the primary cause of death. Perhaps surprisingly, none of the analyses showed a relationship between higher levels of activity and decreased cardiovascular mortality. However, interpretation of these disease specific findings requires caution for at least three reasons. First, the disease categories themselves are not mutually exclusive, and represent only the assumed primary cause of death; second, previous analyses of the death certificate date [11] have indicated a bias for recording broncho-pneumonia (classified here as respiratory disease) as a primary cause; and, third, the logistic regression models used to analyse disease specific mortality did not allow for an independent assessment of risk per cause. Thus, since 'low-activity' men had an increased risk of dying from respirator)' disease, they were less likely to die from other causes, including cardiovascular disease. This latter factor helps to explain the reciprocal (and significant) reduction in cardiovascular mortality risk in the model where 'other causes' included respirator)' disease.
If physical activity levels are longitudinally predictive of compromised health status, it is reasonable to anticipate higher levels of health and social service engagement among the least active. In the present analyses health and service use was significantly related to activity levels as measured by CPA1 scores. 'Low-activity' men and 'intermediate-activity' women had an increased risk of seeing a home help and 'lowactivity' women had an increased risk of seeing the district nurse in 8-year follow-ups. Given the controls for health status and earlier service use included in the models, these results clearly identify a period of increased social dependency predictable from earlier levels of habitual physical activity. Conversely, higher activity levels (and by inference, higher levels of personal fitness) were associated not only with longevity, but also with maintained independence. While the utility of total walking duration as an index of health in later life is supported by these data, the more broadly-based CPA1 factor scores appeared more sensitive at predicting health outcomes within this group. It remains possible, nevertheless, that this apparent differential sensitivity may reflect the different analytical approaches used here (e.g. comparing a continuous CPA variable with a dichotomous walking variable). Certainly, the present results emphasise the continuing need to develop and refine questionnaire-based physical activity measurements in this age group.
